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The specific pattern of seed germination in Cicer arietinum, in the presence of 4-chlo-
roindole-3-acetic acids (4-Cl-IAA) and/or cadmium was studied in petriplates. Soaking
the seeds in an aqueous solution of 4-Cl-IAAfavoured the relative water content, moisture
content, the activities of nitrate reductase and peroxidase and finally the rate of germina-
tion. Treatment of the seeds with cadmium decreased the values for most of the above
characteristics, but favoured the activity of peroxidase and produced an increase in the
level of proline. Moreover, cadmium followed by 4-Cl-IAA, in its treatment pattern, par-
tially neutralized the toxic effects of themetal, where 10–8M of 4-Cl-IAAproved the best.
Key words: Indole-acetic acid, cadmium, nitrate reductase, peroxidase, proline
Abbreviations: 4-Cl-IAA – 4-chloroindole-3-acetic acids, RWC – relative water content,
NR – nitrate reductase, NED-HCL – N-1-naphthyl ethylene diamine dihydrochloride,
ProDH – proline dehydrogenase, 1P5CS – 1 pyrroline-5-carboxylate synthetase,
15CR1 – pyrroline-5-carboxylate reductase
Introduction
The toxic heavy metal cadmium enters the food chain after release from industrial ac-
tivity and the application of phosphate fertilizers to the soil (WAGNER 1993). Cadmium
damages cellular membranes (TU and BROVILLETE 1987). Moreover, soil loaded with a suf-
ficient quantity of cadmium inhibits seed germination (AL-YAMENI 2001), enzyme level
(DITOPPI andGABBRIELLI 1999, GOUIAet al. 2003) and root growth (WILKINS1978). This re-
sults in water stresses (KASTORI et al. 1992) and restricted uptake of essential nutrients
(GREGER and LINDBERG 1987). The induced changes lead to an inhibition of chlorophyll
biosynthesis and a consequent reduction in photosynthetic rate (SINGH and SINGH 1987).
Of the auxins, indole-3-acetic acid is of universal occurrence in plants but others are re-
stricted to certain groups of plants. Chloro-substituted auxins are of rare occurrence in
plants. Their distribution is largely restricted to various tribes of Vicicae (ENGVILD 1994,
REINECKE 1999) and Pisum sylvestris (ERNSTSEN and SANDBERG 1986). Strong auxin-like
activity of these chlorinated auxins has been demonstrated in several bioassays: they stimu-
late rooting and ethylene production in leafy cuttings (AHMAD et al. 1987), seed germina-
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tion (AHMAD et al. 2001) and also affect enzyme activities (HIRASAWA 1989, AHMAD and
HAYAT 1999, AHMAD et al. 2001a, b).
It is quite evident that the action of cadmium and 4-Cl, IAA on seed germination is di-
verse. It was, therefore, decided to explore the ameliorative action of 4-Cl-IAA on the




The seeds of Cicer arietinum L. cv. Avarodhi were obtained from the Indian Agricul-
tural Research Institute, New Delhi. The healthy seeds were surface sterilized with 0.01%
mercuric chloride solution followed by repeated washing with deionized water. The seeds
were soaked for 8 hours in double distilled water (control) or aqueous solution of 4-Cl-IAA
(10–6, 10–8 or 10–10 M) or of cadmium (0.01, 0.1 or 1.0 mM) and for 4 hours in aqueous solu-
tion of cadmium (0.01, 0.1 or 1.0 mM) followed by washing with deionized water to re-
move adhering metal and further soaked for 4 hours in the aqueous solution of 4-Cl-IAA
(10–6, 10–8 or 10–10 M). Treated seeds were rinsed with deionized water to remove the ad-
hering solution and allowed to germinate in sterilized petriplates lined with moistened ab-
sorbent cotton, in a BOD incubator run at 25±2°C. These germinating seeds were sampled
after 24, 48 and 72 hours of soaking (this also included the treatment duration) to assess
various parameters. Protrusion of radicle by 5 mm, outside the testa, was taken as scale for
germination.
Relative water content
The relative water content (RWC) was calculated by putting the values in the formula
proposed by JONES and TURNER (1978).
RWC = [(fresh mass – dry mass) / (turgor mass – dry mass)] x 100
The turgor mass was obtained by dipping the seed samples in double distilled water
(DDW) for 8 hours, thereby saturating them.
Moisture content
Themoisture content in fresh seed samples was calculated by employing the formula:
Moisture content = [(fresh mass – dry mass) / fresh mass] x 100
Peroxidase activity
The activity of peroxidase was determined by the method described by CHANCE and
MAEHLY(1955). The fresh seeds were homogenized in 50mMof phosphate buffer (pH 7.0)
containing 1% insoluble polyvinylpyrrolidone. The samples were centrifuged at 15000 g
for 15 minutes, at a temperature of 4°C. The supernatant was transferred to spectrophoto-
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metric vials, followed by the addition of 0.05 M pyrogallol and 0.1 mM each of EDTAand
H2O2. The change in colour was noted at 430 nm for 2 minutes on a spectrophotometer and
the activity was calculated on the standard curve by using purpurogallin.
Nitrate reductase activity
The activity of NRwasmeasured following the procedure used by JWORSKI (1971). The
germinating seeds were homogenized in phosphate buffer (pH 7.0) to which was added 0.2
M potassium nitrate and 5% isopropanol solutions. This reaction mixture was incubated at
30±2°C for two hours. Sulphanilamide (1%) and 0.02% N-1-naphthyl ethylene diamine
dihydrochloride (NED-HCl) solution were added to this mixture. The absorbance was read
at 540 nm in a spectrophotometer.
Proline content
Proline content was determined following the method given by BATES et al. (1973). The
germinating seeds were homogenized with 3% aqueous sulphosalicyclic acid and centri-
fuged. To the supernatant, glacial acetic acid and acid ninhydrin solutions were added and
this reactionmixture was heated in a water bath at 60°C for 1 hour and then cooled. Toluene
was added to this reactionmixture and the colour of the toluene layer was read at 520 nm on
a spectrophotometer.
Statistical analysis
Each observation was repeated five times and the difference among the treatments was
calculated by following the procedure described by GOMEZ and GOMEZ (1984). The signifi-
cance was tested at the 5% level.
Results
Seed germination
Treating the seeds with 4-Cl-IAA favoured per cent germination but was inhibited by
the presence of cadmium in the soaking medium (Tab. 1). Out of the three concentrations
tested, the two lower concentrations (10–10 and 10–8 M) of auxin proved better and the val-
ues generated were equal. However, in case of cadmium the degree of inhibition increased
as the metal content was enhanced from 0.01 to 1 mM. The ill effect generated by cadmium
was to some extent overcome by the follow-up treatment with 4-Cl-IAA. The auxin, irre-
spective of its concentrations, completely neutralized the damage caused by the lowest
concentration (0.01 mM) of the metal and the values were comparable with those of the
control.
Relative water content
The relative water content (RWC) of the seeds increased as the germination progressed
(Tab. 1). Treating the seeds with either of the concentrations of 4-Cl-IAA increased the val-
ues significantly over the control. However, cadmium treatment significantly decreased the
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relative water content and the loss was in proportion to the concentration of metal. The ill
effect generated by cadmium could not be counteracted by the auxin.
Seed moisture content
The pattern adopted by relative water content in the seeds was closely followed by seed
moisture content (Tab. 2). Irrespective of the concentration of chloroindole auxin, the val-
ues for moisture content increased significantly at all the three stages of sampling and
10–8M proved best enhancing it by 14, 29 and 30% over the control, at 24, 48 and 72 hours
of sampling, respectively. However, the presence of cadmium in the soaking medium de-
creased the moisture content whose values were proportionate to the concentration of the
metal. The follow-up treatment with auxin had no impact on the damage caused by cad-
mium.
Nitrate reductase activity
As the seed germination progressed, the activity of nitrate reductase increased consis-
tently (Tab. 2). The activity of enzyme in the seeds fed with 4-Cl-IAA was significantly
higher than the control/any other treatment and the two lower concentrations (10–10 M and
10–8M) proved best. Themedium concentration (10–8M) of the auxin increased the activity
of the enzyme by 43, 48 and 50%, more than the control, at 24, 48 and 72 hours of germina-
60 ACTA BOT. CROAT. 66 (1), 2007
ALI B., RANI I., HAYAT S., AHMAD A.
Tab. 1. Effect of 4-Cl-Indole-3-acetic acid and cadmium on germination (%) and relative water con-




Relative water content (%)
Sampling stage
24 hrs 48 hrs 72 hrs
Control (water soaked) 88.6 66.5 71.3 76.5
4-Cl-IAA (10–6 M) 92.0 66.2 70.6 74.8
4-Cl-IAA (10–8 M) 94.6 71.5 77.3 86.9
4-Cl-IAA (10–10 M) 94.0 70.4 75.6 78.6
Cd (0.01 mM) 82.3 57.3 59.3 60.7
Cd (0.1 mM) 76.6 53.5 55.2 57.8`
Cd (1.0 mM) 49.9 51.6 53.6 54.2
Cd (0.01 mM)+4-Cl-IAA (10–6M) 87.4 59.4 61.2 61.5
Cd (0.01 mM)+4-Cl-IAA (10–8M) 89.0 58.5 61.6 62.3
Cd (0.01 mM)+4-Cl-IAA (10–10M) 88.6 57.3 60.9 61.8
Cd (0.1 mM)+4-Cl-IAA (10–6M) 78.3 54.2 57.8 59.3
Cd (0.1 mM)+4-Cl-IAA (10–8M) 79.6 55.8 59.4 63.0
Cd (0.1 mM)+4-Cl-IAA (10–10M) 79.0 55.2 58.1 62.5
Cd (1.0 mM)+4-Cl-IAA (10–6M) 52.0 52.2 54.8 56.5
Cd (1.0 mM)+4-Cl-IAA (10–8M) 54.0 54.6 56.0 57.8
Cd (1.0 mM)+4-Cl-IAA (10–10M) 53.3 53.9 55.6 56.9
C.D. at 5% 1.65 1.4 1.8 1.7
tion, respectively. However, NR activity decreased significantly with the treatment with
cadmium and was proportionate to the concentration of the metal. Moreover, the inhibitory
action by 0.01 mM and 0.1 mM of the metal was to some extent overcome by the two lower
concentrations of auxin and more efficiently by 10–8 M, which increased the values by 96,
142 and 83% higher than the seeds soaked in 1.0 mM of cadmium, at 24, 48 and 72 hours,
respectively.
Peroxidase activity
Unlike other parameters, the activity of peroxidase was enhanced both by auxin and the
cadmium, irrespective of their individual concentrations (Tab. 3). Moreover the values in-
creased further if the cadmium treatment was followed with that of the 4-Cl-IAA.
Proline content
The proline content exhibited a linear increase as the seed germination progressed (Tab.
3). Treating the seeds with 4-Cl-IAAdecreased the proline content. However cadmium in-
creased its values significantly in proportion to the concentration of the metal. This effect
of cadmium could be nullified by the auxin to a limited extent, at all concentrations of the
metal.
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Tab. 2. Effect of 4-Cl-Indole-3-acetic acid and cadmium on moisture content and nitrate reductase
(NR) activity of chickpea seeds.
Treatment
Moisture content (%) NR activity (nm NO3 g
–1h–1 FW)
Sampling stage Sampling stage
24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs
Control (water soaked) 39.9 40.3 40.9 456.50 532.50 730.50
4-Cl-IAA (10–6 M) 39.3 42.8 45.3 579.54 666.50 730.50
4-Cl-IAA (10–8 M) 45.5 52.3 53.4 707.91 791.84 841.32
4-Cl-IAA (10–10 M) 44.6 46.5 51.3 686.50 777.32 800.93
Cd (0.01 mM) 28.6 28.6 29.9 434.51 501.43 530.50
Cd (0.1 mM) 28.4 29.8 31.4 357.68 431.50 472.40
Cd (1.0 mM) 24.8 25.4 27.9 313.32 386.05 425.20
Cd (0.01 mM)+4-Cl-IAA (10–6M) 28.4 31.1 32.5 446.25 512.15 560.25
Cd (0.01 mM)+4-Cl-IAA (10–8M) 29.3 32.4 36.0 471.42 546.20 593.75
Cd (0.01 mM)+4-Cl-IAA (10–10M) 27.1 31.3 33.0 468.67 547.15 589.56
Cd (0.1 mM)+4-Cl-IAA (10–6M) 29.4 30.5 31.6 418.04 489.43 530.20
Cd (0.1 mM)+4-Cl-IAA (10–8M) 32.6 33.8 35.7 486.32 525.23 555.25
Cd (0.1 mM)+4-Cl-IAA (10–10M) 31.5 32.9 34.9 479.5 509.5 539.0
Cd (1.0 mM)+4-Cl-IAA (10–6M) 21.9 26.2 27.8 381.6 420.3 446.5
Cd (1.0 mM)+4-Cl-IAA (10–8M) 25.2 27.9 30.7 407.8 441.40 460.50
Cd (1.0 mM)+4-Cl-IAA (10–10M) 23.8 27.4 30.3 405.6 439.30 461.43
C.D. at 5% 0.85 1.1 0.90 15.76 19.45 23.65
Discussion
Various hydrophilic groups (–NH3, –OH and/or –COOH) of proteins and carbohydrates
located in the seed coat attract dipolar molecules of water to form a hydrated shell around
the macromolecules facilitating the existing imbibitional force, resulting in water swelling
the seed. The germinating seeds, therefore, exhibited an increase in relative water content
and moisture content, with the lapse of time. The values for the said parameters increased
further in the seeds fed with 4-Cl-IAA. The auxin possibly increased the permeability of
the membrane for the diffusing water (HOPKINS 1995). Moreover, hydration of the seed is
also associated with the activation of the existing proteins and/or de novo synthesis of a
specific hydrolytic enzyme (BEWLEYand BLACK 1985). The level of such proteins is deter-
mined by various hormones (HOPKINS 1995) including auxins (HIRASAWA1989, AHMAD et
al. 2001). A cumulative response to increased water content and enzyme activity speeded
up the process of germination. In other crops also the seed germination was stimulated un-
der the influence of 4-Cl-IAA (AHMAD et al. 2001a). In contrast, cadmium treatment de-
creased water uptake, moisture content and relative content in the germinating seeds. The
seedlings of Brassica juncea also exhibited a similar response to cadmium treatment, even
though the response was species-specific (SINGH and TEWARI 2003). The net result of the
metal was expressed in the inhibition of seed germination.Moreover, in the case of Arachis
hypogea cadmium is said to act at some additional point i.e. the function of various
biomolecules of the cell in inhibiting seed germination (SATAKOPANand RAJENDRAN1989).
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Tab. 3. Effect of 4-Cl-Indole-3-acetic acid and cadmium on peroxidase activity and proline content
in germinating chickpea seeds
Treatment
Peroxidase activity mg
purpurogalline g–1 protein (min–1)
Proline content
(m mol g–1)
Sampling stage Sampling stage
24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs
Control (water soaked) 0.141 0.159 0.173 8.88 12.96 20.43
4-Cl-IAA (10–6 M) 0.156 0.181 0.195 7.93 11.56 18.23
4-Cl-IAA (10–8 M) 0.172 0.198 0.221 7.65 10.93 16.58
4-Cl-IAA (10–10 M) 0.164 0.188 0.204 7.43 10.65 16.25
Cd (0.01 mM) 0.170 0.203 0.220 10.97 15.69 26.23
Cd (0.1 mM) 0.183 0.217 0.242 14.35 35.30 48.45
Cd (1.0 mM) 0.198 0.133 0.263 35.56 62.29 89.45
Cd (0.01 mM)+4-Cl-IAA (10–6M) 0.201 0.226 0.238 9.23 13.30 22.50
Cd (0.01 mM)+4-Cl-IAA (10–8M) 0.213 0.252 0.276 9.45 13.00 24.00
Cd (0.01 mM)+4-Cl-IAA (10–10M) 0.208 0.240 0.260 9.65 13.15 23.90
Cd (0.1 mM)+4-Cl-IAA (10–6M) 0.210 0.242 0.262 12.15 29.14 41.00
Cd (0.1 mM)+4-Cl-IAA (10–8M) 0.225 0.261 0.285 12.90 27.85 39.45
Cd (0.1 mM)+4-Cl-IAA (10–10M) 0.216 0.243 0.264 13.25 29.30 40.65
Cd (1.0 mM)+4-Cl-IAA (10–6M) 0.221 0.250 0.272 28.65 46.50 68.00
Cd (1.0 mM)+4-Cl-IAA (10–8M) 0.238 0.276 0.290 29.45 49.43 69.32
Cd (1.0 mM)+4-Cl-IAA (10–10M) 0.223 0.264 0.284 28.93 47.85 67.00
C.D. at 5% 0.024 0.019 0.026 0.95 1.14 1.65
The activity of the enzyme nitrate reductase not only depends on the presence or ab-
sence of substrate (SOLOMONSON and BARBER 1990) but also on some other external and in-
ternal factors to which the germinating seeds are exposed. One such factor is the level of
phytohormones, where the auxin concentration in the seeds, if it increases, elevates the ac-
tivity of the enzyme (AHMADandHAYAT1999, AHMADet al. 2001a, Tab. 2). This may be the
consequence of the action of auxin to derepress a specific gene, to activate transcription
and translation (KEY 1969, HOPKINS 1995). The use of radioactive vanadium that formed
the analogue of molybdenum enzyme was proposed as a reason for the said effect of cad-
mium (LEE et al. 1974).
It is an established fact that phytohormones have an inherent role in derepressing spe-
cific genes to activate protein synthesis (KEY1969). This is expressed as an increase in the
activity of peroxidase in the seeds treated with 4-Cl-IAA. However, cadmium-induced ac-
tivation in peroxidase activity may be a consequence of the stress generated by the metal to
which the plant responds by activating its defence system, of which peroxidase is an impor-
tant component (SCHUTZENDUBEL and POLLE 2002). Such stress-induced increase in pero-
xidase activity in Oryza sativa (CHEN and KAO 1995) and Glycine max (BALESTRASSE et al.
2001) was reported earlier. An additive effect of auxin and that of cadmium was, therefore
expressed as a further increase in the activity of the enzyme which is in conformity with LI
et al. (1998) who observed it in Zea mays, grown under water stress.
The synthesis of the proline involves the enzymes 1 pyrroline-5-carboxylate syn-
thetase (1P5CS) and1pyrroline-5-carboxylate reductase (15CR). However, its sub-
sequent degradation is mediated by proline dehydrogenase (ProDH). It is the proportion of
the two sets of enzymes, under stress, that increases the proline content (SUMITHRA and
REDDY 2004). Over-expression of the gene/s coding 1P5CS and repression of that re-
sponsible for ProDH in response to water stress in transgenic plants has been already noted
(KISHOR et al. 1995). The seeds exposed to cadmium, in the present case, possibly experi-
enced water stress (decreased water uptake, lower moisture content and lower relative wa-
ter content) and therefore possessed more proline. Moreover, cadmium might have in-
creased proline by itself acting on the enzyme responsible for the degradation of the
protein. However, 4-Cl-IAAdecreased the proline content and also neutralized the effect of
cadmium by somehow suppressing the synthesis and/or activating degradation through the
involvement of the related genes.
The inherent character of auxin in improving water content, protein synthesis (HOPKINS
1995) and promotion of cell division and elongation (HOPKINS 1995) favoured the process
of seed germination. Moreover, the effect was so pinpointed that it also partially overcame
the ill effect of cadmium on germination and related metabolic processes.
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